Data on structural chromosome abnormalities identified during prenatal diagnosis were used to estimate the number of such abnormalities that would be detectable in an unselected series of newborns using moderate levels of banding (400 to 500 bands). These estimates were compared with the rates detected in nonbanded surveys of newborns.
Virtually all information on the incidence of chromosome abnormalities in liveborn populations is based on the large surveys of unselected newborns carried out in the 1960s. Six large surveys were done at that time and the chromosomes of 56952 newborn babies examined. The results of these studies have been summarised by Hook and Hamerton.' All six surveys were carried out before the introduction of banding techniques and, therefore, while the information on numerical aberrations is still applicable, that on structural abnormalities represents only those abnormalities detected using non-banding techniques. It is reasonable to suppose that, with the exception of Robertsonian translocations and supernumerary marker chromosomes, all categories of structural rearrangements are seriously underrepresented and some, such as paracentric inversions which rely on banding for their detection, completely absent.
More recently, four surveys of the chromosomes of unselected newborns in which banding techniques were used have been published. [2] [3] [4] [5] The rates of structural chromosome abnormalities among the 10 253 infants examined in these four studies are considerably greater than those seen in the non-banded surveys.
Recently, Hook et al6 refined the prevalence of structural rearrangements in the newborn to allow for banding. They reviewed structurally abnormal karyotypes ascertained from prenatal diagnoses, determined the proportion that would have gone undetected without banding, and used these data to calculate the prevalence and mutation rates of structural chromosome abnormalities expected in a population of unselected newborns studied with banding techniques.
We decided to use two approaches to calculate the frequency of structural abnormalities that would be detectable using moderate levels of banding in an unselected series of newborns. In the first approach we determined the frequency of structural chromosome abnormalities in a population of conceptuses examined prenatally and, after correction for biases resulting from advanced maternal age, applied the figures obtained to the newborn. In the second approach we adopted the strategy of Hook et al6 and decided which chromosome abnormalities detected in the prenatal sample using banding techniques would have been missed in the absence of banding. We used the information provided by this assessment to adjust the frequencies of structural abnormalities reported from non-banded surveys of unselected livebirths.
Materials and methods
The study population consisted of all women aged 35 years or more referred to our laboratory for a prenatal chromosome analysis during the 15 year period 1976 to 1990 (table 1) . The great majority of women were studied because of advanced maternal age although the primary referral reason for a minority was advanced maternal age combined with a second reason including a known structural abnormality segregating in the family. In the tabulated data the two populations are shown separately. As we have been studying the chromosomes of the relatively stable population of Wessex since 1967 we felt that the exclusion of the 'known familial structural abnormality' category would result in too low a prevalence rate for structural abnormalities. On the other hand, including them might lead to a spuriously high rate because some of the women, despite being over 35 years of age, might have declined a prenatal examination had they not banding. This method of correcting the newborn data has the advantage that it should be free of bias introduced by selective loss of fetuses with a structural chromosome abnormality between the time of chromosome analysis and birth. However, it has the disadvantages of (1) relying on the opinions of observers as to whether or not banding was essential for detection of a particular abnormality and (2) not providing any estimate for categories of abnormalities, such as paracentric inversions, that are completely absent from non-banded preparations. We have adopted a similar approach to that of Hook et al. 6 As can be seen from table 3 , we estimated that 44-4% of unbalanced rearrangements, excluding Table 6 Comparison of structural abnormality rates in unbanded and banded newborn surveys, the prenatal population both direct and adjusted, and adjusted by estimates of Hook et al.6
Newborn, non-banded.
Newborn In table 6 we have shown the data for the prevalence of structural rearrangements among the newborn using both our own adjustment factors and those of Hook et al. 6 We are in substantial agreement that among unbalanced abnormalities the rates would increase from approximately 0 05% to 0-06%, while among balanced rearrangements, the rate would increase from approximately 0-20% to 0 30%.
COMPARISON OF THE TWO METHODS
While our adjusted estimates for structural abnormalities are comparable to those of Hook et al6 using a similar methodology, they are considerably lower than our estimates based on a direct 'upgrading' of the newborn data by those from the prenatal material. Thus, after excluding supernumeraries, we have a frequency of 0-052% of unbalanced abnormalities among the prenatal specimens and only 0-033% when our adjusted estimates are used. There are two possible reasons for the discrepancy; first, that there is a considerable loss of pregnancies with an unbalanced structural abnormality between the time of prenatal diagnosis and birth, and secondly that we underestimated the proportion of unbalanced rearrangements that require banding to identify them. The former explanation seems plausible, and we therefore consider our adjusted estimate to be the more realistic for unbalanced structural abnormalities detected in the newborn using moderate levels of banding.
When the balanced rearrangements are considered, their frequency in prenatal material is about twice their frequency in our adjusted estimates even after the removal of the inverted Y and paracentric inversion categories which are not represented in the adjusted estimates. Furthermore, both our adjusted estimate and that of Hook et al6 are very similar to the frequencies seen in the newborn banded preparations. Again, the excess in the prenatal material could be the result of selective loss between sampling and birth or our underestimation of the proportion of balanced rearrangements that need banding for their detection or both. If selective loss of balanced rearrangements occurs at all, it is only likely to involve de novo structural abnormalities associated with an abnormal phenotype. In order to see whether there was an excess of de novo Table 7 The estimated frequency of chromosome abnormalities in a population of unselected newborns using moderate levels of banding. Although our estimates agree rather well with the newborn banded surveys, these were done in the relatively early years of banding and may well be an underestimate of what can be seen by experienced observers used to analysing banded material. Therefore, we believe that the most realistic estimate of balanced abnormalities detectable in banded series of unselected newborns is that given by the prenatal data.
In table 7 we have given our best estimate of the rate of chromosome abnormalities detectable in an unselected series of newborn babies using a moderate level of banding. For the non-structural abnormalities we have used the amended data of Hook and Hamerton' given in table 5 in this paper, while for the unbalanced structural rearrangements we have used our own adjusted estimates, and for the balanced rearrangements the data from our prenatal observations. As can be seen, the use of only moderate levels of banding increases the frequency of abnormalities detectable in the newborn from 0-598% to 0-917%. When comparisons are made between frequencies of chromosome abnormalities in specific populations studied using banding techniques and those seen in unselected newborns, it is essential that estimates are used, such as those provided in this paper, that are adjusted to allow for the appropriate levels of banding. We are extremely grateful to Sheila Youings for her help in collating the data and to all the members of the laboratory, both past and present, who carried out the cytogenetic analyses. We also thank Judy Gladding for her help with the manuscript.
